ABSTRACT In this study, the relationship between total energy consumption and carbon dioxide (CO2) emissions is measured in the Environmental Kuznets Curve (EKC) framework. Based on the data in Turkey between the years of 1960-2015, the relationship is analyzed for long term through ARDL-bounds test. In this context, CO2 emissions, gross domestic product per capita, total energy consumption and some other related variables such as capital, labor, openness and population are considered.
Introduction
One of the major input of the economic development for a country is energy. It's always in demand and the usage of it is growing. Investing in energy while earning income shape the future either for developing countries or the developed ones. Therefore energy sector has a critical importance for economic growth.
Energy can be classified into several types within some different criterion. Primary and Secondary, Renewable and Non-Renewable energy are the main classification for the types of use. Primary energy sources are those that are either found or stored in nature like coal, oil, natural gas, and biomass. These can be convertible for industrial needs such as coal, oil or gas converted into steam and electricity where we define it as secondary energy sources. Especially non-renewable energy such as fossil fuels comes from sources that will run out or will not be replenished for thousands or even millions of years and can be stored, piped, or shipped anywhere in the world. Thus, it is an inexpensive and preferred way for usage. However non-renewable energy takes part as one of an air pollutant and it is harmful for the environment. When fossil fuels are heated, they release carbon dioxide (CO2) into the atmosphere. In brief the extraction and processing of nonrenewable resources creates a great deal of pollution and air, water and land pollution are all consequences of using fossil fuels. Therefore, governments give incentives and support investing in renewable energy programs in order to find nonpolluting alternatives to fossil fuels. This paper surveys the interaction among energy consumption, carbon dioxide (CO2) emissions and gross domestic product (GDP) per capita in the basis of Environmental Kuznets Curve (EKC) hypothesis. The paper is organized as follows. In Section 2 we provide a brief information about the relation between CO2 emissions-GDP and energy consumption-GDP. We define summarize recent experiences in several countries. Section 3 empirically examines the long term relationship between CO2 emissions, energy consumption and GDP through the channel of Kuznets framework by applying bounds test derived from autoregressive distributed lagged (ARDL) model. Section 4 sets out the main conclusions.
Analytical Framework
The objective of the empirical analysis is to examine the relationship between CO2 emissions as an environmental pollutant and energy consumption in Kuznet's framework. In order to carry out the relationship, first the relationship between CO2 emissions and its determinants especially GDP is handled in this frame. The general environmental Kuznet's equation form which describes a rela-tionship between economic growth and pollutants is as follows;   , 2 Pollution level f gdp gdp 
(1) Eq.1 above gives the environmental degradation level conditional to gdp level which is assumed as an inverted U-shaped relationship between national income and environmental degradation. Second degree of polynomial gives the shape as a curve therefore it is known as EKC. Moreover, Kuznet's name attached to the curve by Grossman and Kruger (1991) first. However it was first pointing out the phenomena of the relationship between income inequality and development (Dasgupta et al, 355 Alphanumeric Journal Volume 5, Issue 3, 2017
2002). In EKC the expectation of the parameters are positive and negative respectively as have two major explanations as follows: (i) use of environment as a major source of inputs increases at the first stage of economic growth because people are more interested in income than environmental quality, communities correspond weak for environmental regulation.
(ii) as a country grows richer, greater environment protection takes place, people value the environment more highly, regulatory institutions become more effective which results in cleaner industrial sector. Shortly, the balance shifts as income rises and the status of environmental quality changes from a luxury to a necessary good as an economy develops. (Dinda et al, 2000) .
It is known that EKC is sensitive to functional form, data and the sample of countries used and the sampling duration. Therefore power of the polynomial in GDP per capita is in relation with the income level. Generally it is investigated that high income countries has cubic functional form instead of quadratic in GDP per capita which points out that environmental degradation starts to increase again at high levels of GDP (Magnani, 2000) . This is called N-type EKC.
EKC hypothesis may also depend on some other factors, such as industrial structures, technological progresses and environmental policies, etc. Therefore, according to Shen (2006) , estimating the EKC hypothesis without testing other important determinants of pollution generally leads to a biased result. However many studies in the literature estimated EKC in a single equation model. Some of the leading theoretical models which aim to explain the EKC generally focus on the emissions of SO2, NOx, and CO2. The results indicate that either emissions of CO2 or the other pollutants generally dependent on income whereas the pollutants follow an EKC pattern. Selden and Song (1994) focused exclusively on air pollutants in their examination of possible EKC relationships. A more extensive overview about models of EKC can be found in Andreoni and Levinson (2001) . Other leading studies on EKC is listed in Table. (Güllü,et al., 2017) According to World Development Indicators (2017) of The World Bank, Turkey's share of CO2 emissions in the world is 77th place and the share of Turkey in the total world carbon emissions is below 1% in 2017. If we focus on the literature which is summarized for Turkey in Table 2 , relationship between energy consumption and pollutants, we see that it is considered in two groups. The first one is studies which use the EKC pattern in which the dependent variable is the pollutant variable. And the second approach is concerning the energy consumption as dependent variable. The studies about these relationships are presented in Table 2 where the empirical investigations conducted within causality approach or by regression analyses.
The second approach is generally tested and synthesized by four hypotheses which are named as neutrality, conservation, growth and feedback hypothesis. Growth hypothesis becomes valid if energy consumption is a cause of economic growth. If the direction of causality becomes adverse, this unidirectional causality supports conservation hypothesis oppositely. If energy consumption is ineffective on economic growth and vice versa, neutrality hypothesis becomes valid. The fourth hypothesis is feedback hypothesis where the direction of causality relationship is bidirectional between energy consumption and economic growth. According to those hypothesis which is based on the direction of causalities between energy consumption and economic growth, Table 2 gives the empirical literature of the studies related with Turkey with the conclusion of direction of causalities. (Öztürk and Acaravcı, 2010) 
Empirical Analysis
In this section, we analyze the relationships among pollution, GDP per capita, and energy consumption variables, which are, CO2_2010$_GDP; carbon dioxide emissions, GDPPC_C_2010$; GDP per capita, ENRGY; energy consumption. Moreover we use some additive variables which are; EMP_AGGR; employment in agriculture, EMP_IND, employment in industry and POP; population, in order to increase the model information. All the variables are in logarithmic form. ARDL methodology is used in which the relevant variables may be I(0) or I(1) which avoids classification of the variables into stationary or integrated in order one. For this procedure there is no need for unit root pre-testing, unlike standard cointegration tests. According to the variables y, x and z where y and x are dynamic regressors in which y is the dependent variable, and z represents the fixed regressors, an information criterion is used to determine the lag length. The Akaike, Hannan-Quinn and/or Schwartz criterion tend to favor general specifications with many lags (up to 4 in the tests) to choose the most parsimonious model. For a specification with one lag, the equation for an ARDL (1,1) model is as follows;
  11 , , ,
A test for cointegration as suggested by Pesaran, Shin, and Smith (2001) 
In Eq.3 bounds test is conducted with an F-statistic which is estimated by restriction of Yt-1 and Xt-1 in Eq.3. If the estimated F-statistic is smaller than the lower bound than null of no cointegration is not rejected. If it is higher than the upper bound then null is rejected which means that there is a long run relationship between Y and X which is represented in Eq.4.
Eq.4 is the estimated long run solution. Moreover an error correction model (ECM) can be estimated from the long run relationship where et-1 represents equilibrium error (or disequilibrium term) occurred in the previous period (lagged) which is derived from Eq.4. 
According to the ECM, the change in one variable is related to the change in another variable, as well as the gap between the variables in the previous period. All the variables in the ECM are stationary, and therefore, the ECM has no spurious regression problem. According to the first model group in our framework is carry out whether the effect of energy consumption on CO2 emissions is significant as expected or not. Focusing on the current literature carries out that the effect of energy consumption on CO2 emissions is generally positive however such an empirical study focusing on the bilateral interaction does not exist. Therefore a point of view of the interaction from CO2 emissions to energy consumption is considered in the second model group.
In the first model group where the interaction from energy consumption to CO2 emissions is investigated, the estimated coefficients are shown in Table. 2 above. The signs for energy consumption is positive and the coefficients for all models are significant as expected. When we focus on the other variables considered, we see that EKC pattern is valid for CO2 emissions in Turkey. For both Model-1 and Model-3 GDP per capita has positive and square of GDP per capita has negative signs with both in significance which indicate that air pollution follows the EKC pattern in Turkey. The estimated signs about the other variables employments in agriculture and industry and population are positive as expected however the coefficients are insignificant which means that there is no evidence that employment either in industry or in agriculture has not have an influence in air pollution as population. (2001) ARDL models in Table. 3 are estimated in order to determine the lag lengths. However the parsimonious models can also be used in interpretation also. Therefore, as a result for Table. 3 it can be seen that there is an interaction from GDP and energy consumption to CO2 emissions which can be defined in EKC pattern. Peseran, Shin and Smith (2001) methodology to estimating Eq.3 consists of three steps.
Dep. Var.: D(CO2_2010$_GDP) MODEL-1 MODEL-2 MODEL-3 MODEL-4
First, existence of the long-run relationship among CO2, and energy consumption is tested with GDP and its square with also employment in agriculture and industry and population under the null hypothesis of "non-existence of cointegration" by the bounds test which is tested by F-statistic. The asymptotic distribution of this Fstatistic which is presented under the Table 4 is non-standard irrespective of whether the variables are stationary or I(1). There are two critical values considered as upper and lower bound which assume that all variables are I(1) and second assumes I(0) for all respectively. These bounds cover all possible classifications of the variables into I(0) and I(1) or even fractionally integrated. According to the bounds test, the Fstatistic is calculated above the upper level of the bound, thus, the null is rejected which indicate cointegration all four models. Technically, excluding the lagged level of variables ENRGY(-1) and CO2_2010$_GDP(-1) increases the model information statistically. *,** and *** indicates significance about %1, %5 and %10 respectively Table 5 . Long Run Relationship for CO2_2010$_GDP Table 5 is related with the second step drawing the cointegration relationship between CO2 and energy consumption with the external variables considered in four models which gives the results for those estimations. Kuznets approximation requires a priori information on various parameters which is presented in Eq.1. However consideration of energy consumption makes the model more complex. According the results presented in Table 5 , EKC hypothesis is supported in Model-1 and Model-3 with positive signs for GDP and negative for the square of it. In these models, the long-term coefficients of energy consumption are also positive which point out that energy consumption dominates CO2 emission level. In spite of the fact that, the second step for Peseran, Shin and Smith's methodology is drawing the long-run relationship, the third step carries out the lagged error correction term (CointEq(-1)) which represents the short-run relation presented in Table 6 . The sign for the error correction term is negative as expected is highly significant in all cases except Model-4 in which either the long-run coefficients statistically, or the short-run coefficients are economically insignificant. As a result for the EKC hypothesis we see that Model 1 and Model 3 are appropriate models where the considered significant variables are CO2 emissions, energy consumption and GDP. According to the results combined both long run and short run, we see that energy consumption has a positive and significant role in CO2 emissions and the pattern of the inverted-U shape is also valid for Turkey. The significant lagged errorcorrection terms obtained from Model 1 and Model 3 also support the long run relation among relevant variables. As Kremers et al. (1992) indicated, significant error correction terms is a more efficient way of establishing long-run relationship. Thus, we conclude that CO2 emissions and energy consumption in the EKC model do have a long-run relationship. In order to carry out the bilateral interaction among energy consumption and CO2 emission, the interaction from CO2 emissions to energy consumption is considered in the second model group. Therefore second research strand in our framework is to carry out whether the effect of CO2 emissions and GDP on energy consumption is significant and is adapted to Kuznets form or not. In the second model group where the interaction from CO2 emissions to energy consumption is investigated, the estimated coefficients of several ARDL models are shown in Table. 7 above. These three model are conducted in order to determine model information by corresponding the lag lengths and the dynamic and fixed regressors.
MODEL-1 MODEL-

For Model-5, the dependent variable energy consumption is followed by dynamic regressor CO2 emissions. GDP and square of GDP are defined as fixed regressors. For Model-6, the dependent variable energy consumption is followed by dynamic regressor GDP. CO2 emissions is defined as fixed regressor. Moreover in Model-7 dynamic regressors are GDP and CO2 emissions whereas fixed ones are employment in industry and population.
The signs for dynamic regressors CO2 emissions and GDP in all three models are positive and significant as expected. However in Model-5 the Kuznets curve pattern seems to be U shape instead of inverted-U shape as in EKC pattern for energy consumption which means that in the first stages of GDP the relation between energy and GDP is negative before a local minimum (threshold) point. After that stage the relation becomes positive as expected. Before threshold level of GDP, an increase in GDP level reduces energy consumption and vice versa after the threshold. It gives an evidence that, conservation hypothesis is valid when the economy grows rapidly. According to model-6, we consider just GDP without GDP square where the coefficient of GDP seems to be positive significant independent from local a threshold level for GDP. It points out that GDP positively contribute to energy consumption and conservation hypothesis is valid for the general economy. Model-7 gives the model results where all corresponded variables are included. The results are the same as the first two models as expected. However an important results different from other findings employment in industry positive and significantly contribute the dependent variable energy consumption while population has no effect. (0) are presented at the bottom of Table- 8. According to the bounds cointegration test, F-statistics are calculated above the upper level of the bound for model 5 and model 6 which point out that the null is rejected indicating cointegration for those. However the null cannot be rejected for model 7. Although model information seems to be better. Thus, model 5 and model 6 is corresponded in order to carry out the long run relationship among energy consumption, CO2 emissions and GDP. Table 9 gives the long run relationship coefficients for these models. According to the second research strand which draws the long-run relationship coefficients where energy consumption is dependent while CO2 emissions and GDP per capita are corresponded as internal variables, model-1 and model-2 gives significant and positive coefficients contributing energy consumption for both CO2 emissions and GDP per capita respectively. This result is consistent with the ARDL models which are presented in Table 7 . Significant coefficient of GDP in model 2 also supports causality from GDP to energy consumption which means that economic growth dominates energy consumption for Turkish economy and moreover conservation or feedback hypothesis is valid. Table 10 represents the error correction model derived from the system of cointegrated variables of energy consumption model. The lagged error correction terms, the short-run relation coefficients are statistically significant and also have the expected sign in all cases which means that the error correction mechanism is working. It points out that the variables in the error-correction representation adequately capture short-run expectations. The estimated coefficients -0,6969 and -0,5767 indicate that about 69 percent and 57 percent of disequilibrium is corrected between 1 year for model 5 and model 6 respectively.
According to the results combined both long run and short run, we see that CO2 emissions and national income has a positive and significant role energy consumption for Turkey. The significant lagged error-correction terms obtained from Model 5 and Model 6 also support the long run relation among relevant variables. Thus, we conclude that CO2 emissions and national income have a significant and positive impact on energy consumption which makes the feedback hypothesis valid for Turkey.
Conclusion
The paper examined the linkage between environmental degradation, energy consumption and national income in the framework of three research strands which are handled in literature by Ozturk and Acaravci (2010), Ang (2007) , Ang (2008) , Soytas et al. (2007) , Sari (2009), Zhang and Cheng (2009) . The first strand focuses on the environmental degradation and output in the EKC pattern which assumes an inverted-U shaped relationship between pollutants and GDP. The phenomena is examined via literature surveys by Stern et al. (1996) , Borghesi (1999) , Stagl (1999) , Dinda (2004) , Bo (2011) and Nahman and Antrobus (2005) . Additionally, Stern (2004) had a critique on EKC. The second strand of the research focuses the causal relationship between energy consumption and GDP where the direction of the causality provides the validity of neutrality, conservation, growth and feedback hypothesis. Growth hypothesis points out that energy consumption causes economic growth. The adverse direction supports conservation hypothesis. The bidirectional causality points out feedback hypothesis. No causal relation between energy consumption and economic growth supports neutrality hypothesis. Ozturk (2010) provide literature review on the empirical results from causality tests between energy consumption and national income per capita. Additionally, Payne (2010) considered such a survey for electricity consumption. The third strand combines first two approaches which carry out the relationship among national income, environmental degradation and energy consumption.
In first group of models the impact of energy consumption to CO2 emissions is investigated in the EKC framework. According to the cointegration analysis derived Alphanumeric Journal Volume 5, Issue 3, 2017 from ARDL models the linear combinations of CO2 emissions, energy consumption and GDP are cointegrated. EKC pattern has found to be valid for CO2 emissions in Turkey with the information from the model that energy consumption also stimulates air pollution in a significant level. However there is no evidence that employment and population have an influence in air pollution. According to the long run relationships and error correction models, a positive and significant role of energy consumption on CO2 emissions has found following the pattern of EKC for Turkey. This implies that with the increase in the energy consumption CO2 emissions also increases. Second research strand in our framework carried out the positive effect of CO2 emissions and GDP on energy consumption which points out that CO2 emissions increase energy use. Therefore the relation between energy consumption, CO2 emissions and national income are found to be positive among each other. Additionally GDP seems to be the dominator of both CO2 emissions and energy consumption. Significant coefficient of GDP in model 2 also supports conservation or feedback hypothesis for Turkish economy.
